We study the impact of child care for toddlers on the labor supply of mothers and fathers in Norway. For identification, we exploit the staggered expansion across municipalities following a large reform from 2002. Our IV-estimates indicate that child care use causes an increase in the labor supply of mothers. Results suggest that cohabiting mothers move towards full time employment, while single mothers move to part time. Meanwhile, we find no impact for fathers or grandparents. We also find an increase in the taxes paid from cohabiting mothers, lending some support to the argument that parts of the cost of child care is offset by increased taxes.
Introduction
Over the last decade, policymakers have shown increasing interest in government interventions in the market for child care. The OECD has discussed the introduction of early childhood programs in several reports (OECD, 2006; Field et al., 2007) ; in Germany, South Korea, Canada and the Scandinavian countries, governments have been pushing to expand access to subsidized care. In the US, President Obama proposed to make "highquality preschool available to every child in America" in his State of the Union address (2013) .
An important argument in favor of governments subsidizing and facilitating child care availability is the claim that child care helps reconcile work and family responsibilities, thereby increasing mothers' labor force participation (OECD, 2006) . A positive impact on labor supply may also mean that the public cost of providing child care is partly mitigated by increases in the tax base or reduced benefit dependence.
In this paper, we estimate the labor supply and tax impacts of child care using a large increase in child care availability for toddlers (age 2) in Norway following a bipartisan agreement in Parliament from 2002 to promote full child care coverage. A key goal of the reform was to facilitate parental labor force participation, under the premise that universal child care is central to promoting gender equality in the labor market (Ministry of Education and Research, 2003) . The reform increased government subsidies to investment in and running of child care institutions, and generated large variation in coverage between municipalities and over time. Our estimation strategy exploits the difference in child care expansion between municipalities to get credible estimates on how child care affects the labor supply of both mothers and fathers, as well as other potential caregivers. Using time and municipality fixed effects, we essentially relate the changes in labor supply to changes in child care availability, similar to a difference-in-differences strategy. Because child care for toddlers was strongly rationed in this period, changes in the availability should be driven primarily by the changes in supply as a result of the reform, and not by changes in local demand. To guard against omitted variable bias, we nonetheless document that our estimates are robust to controlling for a large set of observable characteristics and to a range of specification checks.
An important improvement over much of the previous literature is that we are able to identify a large range of caregivers. In our analysis, we consider both married, cohabiting and single mothers, as well as fathers and grandparents. Because most studies have been restricted to look at mothers, often only married mothers, these studies might have missed part of the effect that child care availability has on labor supply. A further improvement is that we observe a continuous measure of the individual use of child care in our sample each month. This allows us to implement an IV strategy, using the availability of slots in child care as an instrument for the actual enrollment, while accounting for the intensity of child care use. Our estimates reflect, therefore, how the actual use of a full year of child care affects mothers labor supply, rather than the direct effect of additional child care slots which is estimated in most of the literature. If we believe that initial take-up of child care is lower than in the long run, this scaling will be important to get good estimates of the impact of child care availability on parents labor supply. Indeed, in our sample, the initial take-up of new child care places is about one third of the full potential. Because child care coverage is measured late in the year and child care availability is typically expanded in the fall, it should not come as a surprise that parents are not initially exploiting new places in child care to capacity.
Ours is also among the first papers to provide evidence on how large-scale, universal child care for toddlers affects parental labor supply. In contrast, the sizable literature on child care and mothers' labor supply has been mostly focused on child care for preschoolers (age 3-6) or even wider age groups. There are important reasons to believe that the impact on parental labor supply differs between parents of toddlers and preschoolers. Descriptively, young children who are not in child care are much more likely to be cared for by one of the parents in the home (often the mother), while older children are more often cared for by informal childminders, like relatives, friends, or nannies. This may be due both to a stronger reluctance among parents of young children to use informal child care arrangements, or to less supply of informal care providers for young children. Either way, we would expect that the availability of child care for young children, may have a stronger potential to increase labor supply of parents than availability of care for older children.
Our results indicate that child care for toddlers has a substantial effect on mothers' labor supply. For each 10 children enrolled in full time care, we estimate that almost 3 married mothers enter the labor force.
1 This is over a baseline of 63 % participation before the reform. For single mothers, we also find strong effects, with 2.3 mothers entering the labor force for every 10 children that enroll in full time child care, compared to a labor force participation of only 29 % among these mothers prior to the child care expansion. Overall, this corresponds to a modest earnings increase of 50,000 NOK (6,000 USD) and 20,000 NOK (2,400 USD) for cohabiting and single mothers, respectively. We also investigate persistence in the labor supply response, finding positive impacts 1-3 years later.
Proponents of subsidized child care commonly claim that parts of the cost of such subsidies are offset by the increased tax revenues or reduced benefits generated by the additional income of working mothers. Using data on net tax payments, we can go beyond the back-of-the-envelope calculations in previous literature, to show that the increased taxes from the additional income is indeed considerable, implying a marginal tax rate of about 40 % on the extra income, close to the average tax rate. At the same time, the increased use of child care and employment does not seem to lead to significant reductions in benefits, which would further have reduced public spending.
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For fathers and grandparents we find no labor supply response. This may indicate that mothers are still the primary caretakers, staying home when child care is not available. The lack of response among working age grandparents could indicate that they are not important informal caregivers for young children in our sample, at least not to the extent that it affects their labor supply. This supports the notion that the counterfactual mode of care may be different for toddlers and preschoolers, which could be a key insight when considering how child care may affect child development.
Our paper contributes to the rapidly growing literature estimating how child care availability affects parental labor supply using quasi-experimental methods. The evidence from these studies usually indicates relatively small effects of child care expansion. In the US, for instance economically small effects are found by Gelbach (2002) , Cascio (2009 ), and Fitzpatrick (2010 , 2012 . Similar patterns are found in several European countries, see e.g. Lundin et al. (2008) , Goux and Maurin (2010) , Havnes and Mogstad (2011) , Dustmann et al. (2013) or Felfe et al. (2013) . A prominent exception is the reform in Quebec studied by Baker et al. (2008) and Lefebvre and Merrigan (2008) , where the estimated impact on mothers' labor supply is substantial.
The lack of robust evidence in previous literature in support of a tight link between parental labor supply and child care availability or prices is disappointing from a policy perspective, since increasing mothers' labor supply is a key policy goal in many countries. Our estimates suggest that the modest effects could be explained by two things: First, the take-up of child care in the initial periods following child care expansions may not be complete. Indeed, in our case, the start of the child care year in August implies that the child will usually attend at most five months of care in the first year. Second, as emphasized by e.g. Havnes and Mogstad (2011) , substitution into formal care from informal sources rather than home care would suggest that effects of child care are smaller than might be initially expected. In this case, rather than releasing mothers to the labor market, child care is taken up by mothers who are already working and relying on some form of informal care arrangement. Our results then suggests that informal sources of care may be less important as an alternative to formal care for younger compared to older children. Both alternatives imply that the potential for child care policies to stimulate mothers' labor supply may be larger than suggested in much of the previous literature, particularly for younger kids.
The paper proceeds as follows: We first cover the institutional setting and the child care reform in Section 2, while Section 3 presents the registry data used for estimation, the samples of interest and some descriptive statistics. Section 4 presents our IV method with fixed effects. Results are found in Section 5, including persistency analysis. We perform a range of robustness checks to support our estimates in Section 6, while section 7 concludes. Additional tables are found in the appendix.
Institutional setting and the child care reform
Although the roots of the Norwegian child care system date back to the early 19th century, 3 the system of universal child care was introduced after WWII as a response to increasing female labor force participation and the goal of gender equality in the Nordic welfare model (Ministry of Education and Research, 1998) . Increasing excess demand for formal care in the 60's and 70's led to the Kindergarten Act of 1975, and a strong increase in the supply of formal child care for preschool children (Havnes and Mogstad, 2011) , eventually leading to a high coverage rate for preschool children by 1990. Figure 1a shows the trends in child care coverage rates for preschoolers and toddlers from 1998-2012. By 2000, about 80% of 3-6 year olds were enrolled in formal child care. At the same time, coverage was much lower for younger children. In 2000, less than 40% of 1-2 year olds in Norway were enrolled in child care, and there was substantial excess demand for child care, see. the discussion in Section 4 below.
This excess demand for formal child care was the background for the Kindergarten concord, a reform passed in the Norwegian Parliament in 2002 with broad bipartisan support. The main goal of the reform was to offer affordable child care to all children, and to secure quality and diversity in child care services (Ministry of Education and Research, 2003) . The concord aimed to achieve these goals through increased subsidies, lower parental fees and investment subsidies for the construction of new child care slots. The concord also established equal treatment of private and public child care institutions, where private institutions had previously been awarded only 85 % of the subsidy rate offered to public institutions, and thus made it easier for private suppliers of care to enter the market. Figure 1 presents some important changes in the child care sector following the reform. Panel 1b depicts the total investment in child care institutions over the period.
4 Note that most investments appear with a lag of 1-2 years, as they were applied for and disbursed after the slot was opened. The figure shows clearly how total investments increased rapidly following the reform. Panel 1c shows the increase in total subsidies per child per year. Panel 1d shows the changes in the composition of the costs covered by the municipality, Sources: Statistics Norway and regjeringen.no.
the central government and parental fees. It is clear that the share of costs covered by parents has declined significantly. This figure also shows that municipal support was not reduced as a response to the increased government subsidies. The large overall increase in expenditures over the period is a result of both more children in care, higher subsidy rates, and an increasing share of toddlers, requiring more staff and resources per child. Throughout the period we consider, formal childcare was highly regulated in Norway. In order to be eligible for the generous subsidies, both private and public child care institutions have to adhere to strict criterias governing the quality of the services supplied. These criteria relate to for instance the ratio of pedagogical staff per to children, opening hours, parental involvement and available playing space per child (Kindergarten Act, 2005) . Since 2004, the institutions also must adhere to the max price reform, that put a cap of 2,750 NOK (around 330 USD) on the fee that can be charged from parents for a full time slot. In 2006, this cap was further lowered to 2,250 NOK. In practice, this ensures that formal child care institutions are relatively homogenous in terms of observable attributes of quality and price.
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As illustrated in Figure 1a , the reform resulted in a sharp increase in municipal coverage rates for 1 and 2-year olds. Over a nine year period, coverage for toddlers increased by over 40 percentage points, from 37 % in 2001 to 80 % in 2010. In our empirical analysis, we will attempt to evaluate the impact of this massive increase in child care coverage on the labor supply of mothers and fathers.
Data and descriptive statistics
Our data is based on rich administrative registers available from Statistics Norway, and cover the entire resident population in [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The data contain individual information on demographics (e.g. sex, age, immigrant status, marital status, number of children), socioeconomic status (e.g. years of education, income, taxes paid, employment status), and municipality of residence. Income and employment data are collected from tax records and other administrative registers. The household information is from the Central Population Register, which is updated annually by the local population registries and verified by the Norwegian Tax Authority. We also have access to national registry data on municipal child care coverage reported by the child care institutions themselves. Importantly, the data contain unique personal identifiers that allow us to match children to parents, to grandparents and to other caregivers residing with the child. We also utilize various municipality characteristics from Statistics Norway, including data on rural and urban population, employment by sector and gender, political representation and municipal income and spending.
Below, we first define our estimation sample and then discuss how we measure the key variables in our analysis, namely child care use, child care coverage and labor supply. We conclude this section by providing descriptive statistics for our sample.
To define the population of interest, we start with all 2-year olds alive and resident in Norway in [2002] [2003] [2004] [2005] [2006] [2007] [2008] . Following most of the literature, we focus attention on the youngest child in the household, and exclude multiple births and children with younger siblings born to the same mother or father.
5 We also exclude children with unknown mothers and a handful of families with more than one child in the sample. This leaves us with a sample of 323,164 children. We next identify all working-age household members of these children (ie. aged 18 to 67). We consider cohabiting mothers and fathers to be parents that live in the same household as the child. Notice that our definition of cohabiting parents includes both married and non-married couples. If both parents are not present in the child's household, we identify suitable stepfathers or stepmothers from age, family relations and gender of the present parent. This allows us to identify the likely caregivers relevant for the vast majority of the children in the sample. From population registers, we can also identify mothers and fathers that do not reside with the children, as well as grandmothers and grandfathers. Our main samples of interest will be cohabiting mothers and fathers, as well as single mothers and non-residing fathers.
To measure individual child care use, we exploit the administrative registers of cashfor-care (CFC) recipients, available for two year olds since 1999. Under the CFC-scheme, all families with children below three years old who were not enrolled in subsidized child care were eligible for a substantial cash benefit.
6 From the CFC-registers, we know which children receive the CFC-benefit each month and the exact amount disbursed. As long as eligible parents take up the benefit, we can infer the child care use of each child. This approach has the advantage of giving a comprehensive measure of child care use over the year, to allow correctly scaling the impact of child care expansions that are not immediately taken up. Our final measure gives for each child the fraction of full-time equivalent months of child care use during the year.
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To measure child care coverage in each municipality, we use the share of children in child care to the population of the same age from municipal reports, measured around October each year, when enrollment in the regular calendar year is completed. These data are readily available from Statistics Norway. 8 Similar measures are used regularly in the literature, see e.g. Havnes and Mogstad, 2011; Dustmann et al., 2013; Nollenberger and Rodríguez-Planas, 2015 . One potential issue with these measures is that in clearing markets child care coverage will be determined jointly by demand and supply. Exploiting variation in coverage rates may then pick up demand shocks, which would raise the potential for reverse causality and estimation bias. If the demand for child care exceeds supply, then the variation in coverage should be determined uniquely by the variation in supply. In order to verify anecdotal evidence that rationing is prevalent here, we would like to have data on the number of applications in each municipality. Unfortunately, this data is not available. As an alternative, we secured access to survey data on waiting lists collected on behalf of the Ministry of Education. The survey collected information from municipalities on the number of children 0-3 years old who were on waiting lists for child care in each municipality by September 20th over 2004-2009. 9 By adding children enrolled and children on waiting 6 Over the period the CFC benefit varied from 2,200 to 3,600 NOK per month per child, equivalent to approximately 260 -430 USD per month using the December 2017 exchange rate.
7 We thus consider a full year of part time care (about 20 hours per week) to be equivalent to one half year of full time care. We have experimented with other measures, without this substantially changing the results.
8 http://www.ssb.no/statistikkbanken, table 04683. In a few cases a municipality will have a coverage rate slightly above 1 because children from neighboring municipalities attend care. These have been adjusted to 1.
9 The data were collected by Asplan Viak in order for the Ministry to monitor the progress towards full child care coverage. lists, we can construct a measure of the child care application rate. Figure 2 draws the child care coverage rate and our measure of the child care application rate for 0-3 year olds over our estimation period. Throughout the period, the application rate is substantially higher than the coverage rate, by between 10 and 15 percentage points, indicating excess demand. Additionally, we suspect that the strong growth in demand over time may be due to applications from parents who were discouraged from applying when coverage was particularly low. If so, then rationing in the early period is likely to be even stronger than reflected in these numbers. Note that these data were collected for the combined group of 0-3 year olds only, so do not speak directly to the instruments we will use below (coverage for 1 and 2-year olds). However, this is again likely to cause us to underestimate the level of rationing, since the vast majority of children will neither apply nor enroll in child care in the first year of life, when their parents are on parental leave.
10 In our robustness analysis below, we use this data to investigate the potential for reverse causality by restricting focus to more severely rationed municipalities.
To measure labor supply we exploit two alternative data sources. First, we use yearly earnings from wages and self-employment collected from tax records. As outcome variables, we use both earnings directly, as well as dummy variables for labor market par-ticipation based on the basic amounts in the Norwegian Social Insurance Scheme (used to define labor market status, determe eligibility for unemployment benefits as well as disability and old age pension). Specifically, we follow Havnes and Mogstad (2011) and construct dummy variables for employment and full-time equivalent status that equal one if earnings exceed 2 and 4 basic amounts, respectively, and zero otherwise. In 2014, one basic amount equaled 88, 370 NOK, or approximately 11, 000 USD. The tax records additionally provide data on total tax payments and transfers and benefits that we use as additional outcomes to evaluate the impact on public spending and income. Second, we use data from the matched employer-employee register, with information about all public employees and for about 80 % of private employees. These data give information on start and end dates of employment spells, and bracketed information on contracted hours in each spell. From these data, we construct yearly measures of labor supply as the number of weeks during the year when contracted hours are above 4 hours and above 30 hours. A caveat in using these outcomes is that we set labor supply to zero when information is missing in the data. This will tend to drive down the level of labor supply compared to the true level. This should not, however, affect our estimates unless the pattern of missing observation is changing over time and these changes are correlated with changes in child care coverage rates.
Descriptive statistics
Summary statistics for the children and the four main samples of caregivers are given in Table 1 and 2. We see that the sample of children is well balanced with respect to gender, and that children have one older sibling on average. The average child care use is 0.47, corresponding to 5.3 months of full time child care use. Table 2 gives descriptive statistics for four groups of caregivers: cohabiting mothers, cohabiting fathers, single mothers and non-residing fathers. We notice immediately in panel A the substantial differences in terms of labor supply. Single mothers are least attached to the labor market, with only 31 % employed and 15 % in full time-equivalent employment. In comparison, cohabiting fathers are strongly attached to the labor market, with 91 % employed and 84 % full time. Also cohabiting mothers are much more attached to the labor market than single mothers, with about 68 % employed, and 40 % in full time. These differences are mirrored in their earnings, where cohabiting fathers on average make almost twice that of cohabiting mothers, and more than four times that of single mothers. We also note that labor supply measured in terms of the number of weeks with contracted hours above 4 and 30 hours reflect well the overall picture from the earnings-based measures.
Panel B of Table 2 presents means of control variables for the four groups of caregivers. We note that cohabiting mothers and fathers have about 15 years of completed education. The table also shows single mothers and non-residing fathers have substantially less edu-cation and are around three years younger than cohabiting parents. Meanwhile, fathers are about three years older than mothers, and somewhat less likely to be of immigrant background.
To get a first look at the trends in labor force participation among these groups, Figure  3 investigates labor force participation over the period for the four groups of caregivers separately. For comparison, we also include the trend for working age women with no school aged children. We note that just over 60 % of these women are employed, of which about two thirds is full time. For both measures, however, the overall trend is relatively flat over the period.
If the large increase in child care availability has an effect on parents' labor supply, we would expect that this was evident in the figure by an increase in labor supply relative to the observed pattern for the rest of the labor force. For cohabiting fathers in our sample, the trend is very similar to the overall trend, with little change over time, though with employment above 90 %, the level is clearly higher. In contrast, both cohabiting and single mothers experienced substantial increases in the labor force participation over these years. In particular, employment rates among both sets of mothers increased by about 10 percentage points, driven largely by full time-equivalent employment among cohabiting mothers, but less so among single mothers. Also non-residing fathers experienced an increase in labor force participation from the mid 2000's, following a slump in the early period.
Given the large increase in child care coverage rates affecting these groups, it is tempting to interpret this as first evidence of how the child care reform impacted on parents' employment. This would be premature, however, since we cannot at this point distinguish between general increases in labor force participation of mothers, and the potential impact of the child care expansion. We discuss how we tackle this question in the next section.
Finally, Table 3 presents means of control variables for cohabiting mothers biennially over our estimation period [2002] [2003] [2004] [2005] [2006] [2007] [2008] . We note that most variables exhibit a flat trend over time, which suggests that the composition of mothers is relatively stable over time. The exceptions are the growth in immigrant background from about 8 % to 11 % and a small increase in education. Similar patterns are seen for the other groups of caregivers, which are reported in the appendix for brevity, see tables A.1-A.3.
Empirical strategy
The most straightforward way to estimate the effect of child care on labor supply is to regress a measure of labor supply on child care use. This ignores, however, that child care Note: Outcome and control variables are defined in Section 3. use is endogenous to parents' labor supply decisions. Clearly, parents that enroll their children in child care are likely to be more tied to the labor market. This simple approach is therefore likely to yield estimates of how child care use affects labor supply that are biased upwards.
Imagine instead a social experiment that randomized child care access at the municipal level. This randomization breaks the correlation between child care access and unobserved determinants of parental labor supply. Comparing labor supply of parents in municipalities with and without child care access would give a reduced form estimate of the effect of child care access on parental labor supply. Comparing child care use in municipalities with and without child care access would give a first stage estimate of the effect of child care access on child care use. Taking the ratio between the two we would get an IV-estimate of the effect of child care use on parental labor supply.
The intention of our IV-approach is to mimic this hypothetical experiment. We exploit the staggered expansion in child care following the 2002 child care concord, which generated large spatial and temporal variation in child care coverage rates. The distribution of municipal child care coverage rates for 1-2-year-olds is illustrated in Figure 4 . The figure shows both the strong increase in child care coverage over the period we consider, and the large variation across municipalities.
Our basic IV strategy is the following: For each municipality and every year, we instrument individual child care use, m ikt , with the child care coverage rates of 1-yearolds in t−1, CC 1 k,t−1 , and of 2-year-olds in t, CC 2 kt .
11 Specifically, we estimate the following Note: The figure draws the mean child care coverage rate nationally over time (bullets and dashed line) and the distribution across municipalities (bars). Data, estimation sample and variable definitions are discussed in Section 3.
2SLS-model in our sample of caregivers of 2-year old children:
where α s k and τ s t are municipality and time fixed effects in stage s. In our robustness analysis, we show that our estimates do not depend on the inclusion of controls. In our baseline model, however, we include controls for the vector X ikt which contains child, caregiver and municipality characteristics: Child characteristics include dummies for gender and month of birth, the number of older paternal and maternal siblings, and dummies for parents' level of completed education.
13 Caregiver characteristics include age, age squared, a dummy for immigrant background and the number of children below ages 6, individual outcomes on group means (for a detailed discussion of why this should be a bad idea, see Angrist (2014) ). But note that our measures of municipal child care coverage rates are distinct from the individual child care user rates, both due to the time of measurement, in the stock versus flow properties, and in the reflection of extensive and intensive margins. Indeed, if we use the municipality-year means of child care use as an instrument, the F-statistic is 8,300 with a coefficient close to 1, as expected. In contrast, our first stage yields an F-statistic of 45, with coefficients of .3 and .05. Note also that this discussion has no bearing on the validity of our instruments or the reduced form. 12 All models are estimated using the Stata command reghdfe (Correia, 2014 Note: The figure graphs child care use against labor supply outcomes after removing time and municipality fixed effects, see discussion in the main text. Scatter points are binned to 0.005 and the size of each point represent the number of observations in that bin. Data, estimation sample and variable definitions are discussed in Section 3.
11 and 18. We also include dummies for level of education to control flexibly for returns to education, including potential sheepskin effects. Finally, we control for local labor market conditions in the municipality of residence, as measured by the labor force participation rate of working age men (20-67 years old) without children. Descriptive statistics for these variables are reported in Table 2 . Standard errors are clustered at the municipality level and robust to heteroskedasticity. To illustrate our IV strategy graphically, the panels of Figure 5 draws scatter plots of labor supply against predicted child care use, purged of time and municipality fixed effects.
14 The figure suggests that there is a strong effect of predicted child care use on labor supply, and that the relationship is well approximated by a linear function in the bulk of the data. Next, we graphically present the changes around the timing of the greatest growth in each municipality in Figure 6 . To this end, we first purge all variables of municipality means using fixed effects. We then regress residual child care use on residual coverage rates, controlling for year fixed effects, and predict a scalar instrument that represents only the variation we exploit. Then we recenter the data so that time zero is the year with the highest increase in predicted child care use for each municipality relative to the aggregate increase.
The top panels of Figure 6 graphs the trends in labor supply alongside the trend in child Note: The figure graphs outcomes and some important covariates over time after removing effects of time, municipality and controls, see equations (1) and (2). Data are recentered so that year 0 is the year with the largest growth in predicted child care use for each municipality. The scale of the outcome variables (left axis) is in standard deviations of the variable in the sample of cohabiting mothers, while the scale of predicted child care coverage is in percentage points. Data, estimation sample and variable definitions are discussed in Section 3.
care use as predicted from our instruments. At time zero, we see a substantial increase in predicted child care use of around 7 percentage points (relative to the aggregate increase that year), while the trend is otherwise relatively flat. This illustrates that our first stage is relevant and quite strong. We also see that as predicted child care use jumps up, labor participation also increases, by around .1, .05 and .04 standard deviations for income, employment and full time-equivalent, respectively. Taking the fraction of these estimates suggests an IV-estimate of around 32 percentage points increase in labor participation from full time child care use for the employment outcome. Below, we elaborate on this within our estimation framework.
To evaluate our IV-strategy, note that the identifying assumption roughly relies on common time shocks across municipalities that expand early and late. If this assumption is violated, for instance by labor supply leading child care expansions, then this should show up in Figure 6 as trends or jumps in the outcome prior to the expansion that is unrelated to increases in predicted child care use. On the contrary, the figure shows that the trends in labor participation are relatively flat in the pre-period, following closely the trend in predicted child care use. This suggests that our IV-strategy is sound.
There are two potential selection issues when estimating our parameter of interest β. The first is selection on gains: If parents in some municipalities respond more strongly to child care access than others, and this is correlated with the child care expansion, then our estimates of how child care affects parental labor supply will differ from the average effect in the population. It will be a consistent estimator of the effect for the subpopulation that is affected, but not for the whole population. In the terminology of Imbens and Angrist (1994) , our estimate will be a local average treatment effect (LATE), or more precisely a weighted average of all potential LATEs as our instruments are continuous. In the presence of heterogeneous treatment effects, our estimates reflect the average treatment effect among compliers, roughly parents of children that took up the newly available slots. We think this is a policy relevant group whether or not they are representative of the population at large.
Second, we could worry about selection on unobservables: If expansions in child care coverage are, for instance, positively correlated with other determinants of labor supply, then our estimates will be biased upwards. Note first that the fixed effects will controll for all time invariant differences between municipalities, and for all common time shocks. Our concerns should, therefore, be focused on changes in potential confounders within municipalities. The most immediate threat to our identification is arguably that child care demand is driving the variation in child care coverage that we exploit, which might bias our estimates upwards.
In Section 3 above, we discussed this issue at some length, and concluded that this is unlikely, since demand is substantially higher than supply over the period we study. However, to further investigate this issue we check whether the composition in our sample is changing over time by looking at observables. Even though we control for these flexibly in our regressions, changes in the composition of observables might raise concerns about changes in the composition also in terms of unobservables. In the lower panels of Figure  6 , we have reproduced the graphical illustration above for some key predictors of parental labor supply, where we have again recentered our data so that time zero is the year with the highest increase in predicted child care use, and we have purged the variables of municipality fixed effects. It is reassuring to see that, across the bottom panels of Figure  6 , the jump in predicted child care use is not associated with changes in the covariates. On the contrary, the changes in the covariates are quite smooth over the period, with no apparent break at time zero.
Finally, even with the large set of control variables that we include in our estimations, one may still worry about changes in unobservable determinants of labor supply. After our main results, we will therefore further probe the validity of our empirical strategy by assessing the stability of the IV estimates to alternative specifications, and by performing placebo tests. It is comforting to see that these specification checks by and large lend support to our estimation strategy.
Results
Baseline results for the four main samples of interest are reported in Table 4 . In panel A, we report estimates from our first stage. The instruments are relevant and strong, with Fstatistics on the excluded instruments above 30 in all samples. Estimates in row 1 indicate that an additional child care slot for one year olds increases by about 30 percentage points the child care use of two year olds the following year. Estimates in row 2 indicate that an additional child care slot for two year olds increases by about 4 percentage points the child care use of two year olds in the same year. The coefficients are similar across groups, suggesting that the take-up of child care slots is relatively homogenous across children when we consider different caregivers.
In panel B, we report estimates from our second stage for a number of different outcomes, where reported coefficients are on child care use in separate IV regressions. We also include for each outcome the mean of the dependent variable prior to the child care expansion as a point of reference (underlined).
Our IV estimates indicate quite substantial labor supply responses among mothers.
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In particular, employment among cohabiting mothers is estimated to increase by 29 percentage points when a child is enrolled in full time child care, of which around half is to full time-equivalent employment. This is confirmed by the estimated effect on weeks of employment from the matched employer-employee register, which show that child care use causes mothers to increase their employment by about 10 weeks. Compared to the prereform means, these effects imply an increase of around 50 % in the mean employment rates of cohabiting mothers of two-year olds and suggest that child care plays an important role in getting mothers of small children (back) into the labor market. When we consider earnings of cohabiting mothers directly, our estimates indicate that child care use caused an increase of about 50,000 NOK per year, a 30 % increase over the pre-reform mean. At the same time, we estimate that taxes paid increase by about 19,000 NOK, while there is a small decrease in transfers. Combined, this reduces the individual benefit of child care in terms of disposable income by about 40 %.
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Though imprecise, the estimates on cohabiting fathers show that their earnings drop with child care use, by an amount similar to the increase among cohabiting mothers. That 15 Note that the IV estimates contrast starkly with the OLS estimates. As an example, the OLS coefficients for earnings are more than twice as large as the IV coefficents for both single and cohabiting mothers. This is in line with our intuition about the direction of the bias of the OLS coefficient, which is caused by reverse causality: Mothers who work more demand more child care.
16 Note that this is very close to the average tax rate of 41 % that these women paid before the reform. Although we might expect that the nonlinearities in the tax schedule could make the marginal tax rate different from the average tax rate, this seems not to be the case. This means that the simple back-ofthe-envelope calculations in e.g. Baker et al. (2005) , wouldn't be far off in our setting. This does not hold, however, in the other samples we consider, where the implied marginal tax rate is about 18 % among cohabiting fathers and is even negative for single mothers and non-residing fathers, albeit very imprecisely estimated. fathers work less when mothers work more is consistent with joint labor supply decisions in the household. Note however, that there are virtually no effects among fathers on the qualitative employment or full time margins, suggesting that effects on fathers are on the intensive margin, not the extensive. This is in line with the contention that father's labor force participation is largely independent of the family situation. Considering that cohabiting mothers and fathers are usually members of the same household, our point estimates suggest a small drop in disposable household income. Add to this the mechanical drop in cash-for-care subsidies and the copayment for child care, each about 40,000 NOK per year, and it is clear that child care use is quite costly to parents. Indeed, the overall drop in disposable income corresponds to almost the full after-tax earnings of cohabiting mothers before the child care expansion.
Turning to single mothers, the estimates indicate that they also respond strongly on the employment margin, with an increase of about 23 percentage points. In contrast, there is hardly any impact on full time-equivalent employment. This is supported by the estimates from the employer-employee register, which records effects only on employment below 30 hours per week. These estimates support the notion that the effect for single mothers represent shifts to part-time employment, not low-wage jobs. That single mothers respond mostly on the employment margin may be explained in part by a sizable increase in transfers, likely due to an increase in the transitional benefit for single parents. With access to child care, these parents would be expected to have a much easier time meeting the activity requirements linked to this benefit.
17 In addition, full time work is likely more costly for single parents, who donot have the same possibility to share household tasks. Though the estimates are somewhat imprecise, when we factor in the estimated increases in earnings and transfers and the drop in taxes paid, our results indicate that the increase in disposable earnings is almost sufficient to make up for the parental copayment and the loss of cash-for-care. Estimates on non-residing fathers are not sufficiently precise to draw firm conclusions, but are in general close to zero, lending little support to child care as an important driver of labor supply decisions for this group.
We have also investigated the labor supply response among grandparents, under the hypothesis that these may be relevant informal caregivers for these very young children. If so, and if grandparents are still attached to the labor market, we would expect to see effects on the labor supply of working age grandparents. However, we find no systematic evidence of labor supply responses among grandparents, despite a strong first stage and relatively high labor force participation rates. This may suggest that grandparents are not important caregivers for toddlers in our sample, at least not to the extent that it affects their labor supply. Results are reported in Table A .4 in the appendix.
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We can use our results to calculate the net budgetary cost of an additional child in full time care at the time of use. Using 2008 as the base year, the state subsidies for one full time child in care was 107,500 NOK. In addition, the municipalities covered on average 28.4 % of the total subsidies to the sector, adding up to an estimated 150,000 NOK in state and municipal subsidies. The increased taxes from the additional labor supply of cohabiting mothers is 19,000 NOK, meaning that around 13% of the costs of the subsidies are offset by increased tax revenues. In addition, the cash for care benefits are mechanically reduced by around 36,000 NOK, increasing the share of covered subsidies to around 37%. For single mothers, there is no cost offset because the reduction in cash for care benefits are offset by increases in other benefits.
Heterogeneity over the earnings distribution
Providing low-cost child care can also be a tool to level the playing field between families from different backgrounds. To investigate this further, we construct dummy variables for earnings brackets based on the same basic amounts we used to construct our basic measures of labor participation (around 88,000 NOK or 11,000 USD). Specifically, we construct seven mutually exclusive dummy variables that are equal to one if earnings fall below one basic amount, between one and two basic amounts, between two and three basic amounts, and so on, with the last category being earnings above six basic amounts (i.e. 528,000 NOK). We then estimate the same IV-model using these dummy variables successively as dependent variables. This allows us to study binned parts of the marginal distribution of earnings to get an impression of what parts of the distribution are affected by the child care expansion. Since the overall impact on fathers is small, we consider only mothers in this exercise. Figure 7 shows the marginal distribution in 2002, i.e. the mean of our dummy variables, as bullets. The IV estimate is represented in bars with associated confidence intervals. In the left panel we report estimates for cohabiting mothers. The bullets (measured on the right axis) show that prior to the child care expansion, almost 25 % of cohabiting mothers earned below one basic amount, leaving them essentially out of the labor force. For the remaining cohabiting mothers, the distribution of earnings was relatively flat, with 10-15 % in each bracket. In contrast, the distribution for single mothers reported in the right panel of Figure 7 is heavily skewed, with 62 percent in the lowest earnings bracket and population shares below 10 % and steadily declining as we move up in the distribution. The bars in Figure 7 (measured on the left axis) give the estimated impact of child care use on the probability of ending up in each bracket. The estimates reveal strong heterogeneity. In particular, cohabiting mothers seem to be shifting away from both of the two lowest brackets, and into the two middle brackets close to the threshold for full time-equivalent employment that we used above. Single mothers, on the other hand, seem to shift away from the lowest bracket to the lower middle brackets, pointing towards an increased incidence of part time (or low wage) employment, though estimates are less precise in this smaller sample.
Persistency
Though estimated impacts on earnings, transfers and taxes did not support the notion of child care as a public finance boon in the short run, we may question whether there are long run effects that can help mitigate the costs. We therefore investigate whether there is persistence in the labor supply response. To this end, we reestimate our baseline IV-model using the outcome variables measured one to four years into the future. Notice that we maintain the conditioning on control variables from year t in order to avoid issues associated with so-called "bad control" variables.
19 Also, we include controls for the child care coverage rate of older children in the treatment year, i.e. for the coverage rate for 3-and 4-year olds in year t when we consider impacts in t + 2. For brevity, and because estimates are not sufficiently precise on other groups, we focus on cohabiting mothers.
Estimates for the other groups may be found in the appendix. Table 5 presents estimates from the IV model for cohabiting mothers. In column 2, we report the estimated impact on outcomes one year later, then in column 3 estimates on outcomes two years later, and so on. While effects fade out over time, our estimates suggest that there is still relatively strong persistence. In particular, the impact on full time-equivalent employment is almost as strong the following year and remains above 7 percentage points throughout this period. Effects on employment fade more quickly, but remain statistically significant 3 years after the treatment. Other outcomes lose statistical significance after year t + 1. Note that the estimates for t + 1 will partly include the direct effect of child care use, since the child care year straddles the years t and t + 1. Figure 8 illustrates our estimates for cohabiting mothers by predicting outcomes with and without any (formal) child care use and comparing this to the actual trend for prereform mothers. More specifically, we start by constructing time series for labor supply outcomes for mothers of 2-year olds in 2002. To construct the predicted series without child care, we subtract the predicted effect of child care use at age 2 in each year, i.e. ). Note that this should be interpreted as the predicted effect for a complier around this level, not the overall effect of full child care coverage. Because effects are likely to be different outside of the complier group, particularly in the group of never-takers who might be expected to be less strongly attached to the labor market, we should be cautious about extrapolating to the population at large. Figure 8 shows the estimated time series for earnings, employment and full-time equivalent for mothers. We first note that while about 70 % of mothers are employed prior to birth, just over 60 % are employed in the year following birth. Similarly, around 45 % of mothers work full time prior to birth while about 25 % work full time in the year following birth. This is reflected in their earnings, which drop by about 20 % on average in the year following birth.
20 The figure illustrates how the exogenously driven increase in child Note: Estimates are from equation (1), with outcomes measured 1-4 years later. In addition to control variables defined in Section 3, we control for child care coverage rates for older children in year t. Standard errors in parentheses are clustered at the municipality level and robust to heteroskedasticity. Pre-reform means of outcomes are underlined and refer to parents of 2-year olds in 2002. * (p<0.10), ** (p<0.05), *** (p<0.01) care use at age 2 is predicted to have both hastened the return to work of mothers and that there is persistence in that mothers stay more attached to the labor market also in the following years.
Specification checks
Despite our estimation strategy and the undersupply of formal care in the period, the expansion in child care that we exploit is, of course, not randomized. In this section, we challenge our empirical strategy in several different ways and also investigate alternative explanations for our findings. Estimates for cohabiting mothers are reported in Table 6 with baseline estimates with and without controls reported at the top. For brevity, results for other groups may be found in the appendix, Tables A.5-A.7 . Overall, robustness checks support our empirical strategy for cohabiting mothers and fathers, while results for the smaller groups of single mothers and non-resident fathers tend to vary more, in line with the general impression of lower precision of these estimates.
Common time trends
The basic identifying assumption in our study rests on common time shocks across municipalities with different growth rates in child care coverage rates of 1 and 2 year olds. We therefore start by challenging this assumption in a series of specification checks reported in panel A of Table 6 . First, we perform a placebo test where we use as the outcome the labor supply of mothers in year t − 3, i.e. one year before giving birth. Labor supply before birth should not be affected by changes in the child care coverage rate that occur several years later. If our estimations are, in contrast, picking up secular differences in the growth of maternal labor supply over time which is just correlated with child care coverage rates, then we would expect the placebo estimates to yield effects that go in the same direction as estimates using contemporaneous outcomes. The placebo estimates are all close to zero and insignificant, lending support to our empirical strategy.
To further challenge the assumption of common trends, we next allow for different time trends in different municipalities. In the second and third rows of panel A, we admit municipality-specific time trends by including a linear time trend (row 2) and a linear and quadratic time trend (row 3) as controls in our baseline specification. This is a simple yet demanding test of the assumption of common time shocks, that will remove systematic trends in labor supply within municipalities. If, e.g., unobserved trends in labor supply several months of parental leave, many for more than one year. Note: The solid line plots average labor supply of cohabiting mothers of children born 2000. To construct the dotted and dashed lines, we use the estimate from our baseline model, cf. Table 4 . The lower dashed line subtracts from the solid line the estimated effect of mean child care use of 2-year olds. The upper dotted line adds the effect of increasing to full child care use at age 2. were pushing up child care coverage rates and thereby driving our results, we would expect estimates on child care coverage rates to drop towards zero when we include these trends. Reassuringly, these estimates are remarkably stable to this inclusion. Of course, we cannot be sure that unobserved trends are linear or quadratic. In row 4 of panel A, we therefore instead allow for different time shocks to labor supply depending on pre-reform characteristics in each municipality. Note that we cannot include yearby-municipality fixed effects, since this is the variation we exploit in our identification strategy. Instead, we interact the yearly shocks with pre-reform characteristics, estimating the following specification.
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Where ϕ t is the time-varying coefficient on the prereform characteristics, denoted V k, 2001 . In this set we include a range of political, economical and geographical characteristics measured in 2001, before the sample period.
21 The yearly shocks to labor supply thus consist of two parts: The common shock τ t and a set of shocks ϕ t that are propagated through the pre-reform characteristics of the municipality. Again, we find that estimates are very stable to this inclusion, cf. the fourth row in panel A of Table 6 .
Excess demand
Our empirical strategy relies on growth in child care coverage rates being exogenous to growth in labor supply within municipalities. As discussed in Section 4, a potential worry could be that markets are not rationed, in which case growth in coverage rates could, at least in part, be driven by growth in labor supply generated by increased demand, and not vice versa. To investigate whether this might be driving our estimates, we could narrow down our sample to municipalities with significant excess demand, where such reverse causality should not be an issue. To this end, we exploit the data on waiting lists for 0-3 year olds. As discussed above, this measure may be likely to underestimate total demand. In panel B of Table 6 , we reduce our sample by narrowing down first to municipalityyears with waiting lists and then further to municipality-years where waiting lists make up at least 10 % of the children below 3 years in the municipality, and run our baseline model for the available years [2004] [2005] [2006] [2007] [2008] , when data on waiting lists are available.
22 In these samples, excess demand should be strong enough to mitigate worries about reverse 21 Specifically, these include the share of left wing representatives in the municipal council, share of females in the municipal council, the non-earmarked income per capita in the municipal accounts, a dummy for municipalities with hydropower income, the share of the population living in urban areas, the initial female labor force participation, initial child care coverage rate and initial unemployment rate. causality. Estimates in these samples are very similar to our baseline estimates.
Alternative drivers
In panel C of Table 6 , we investigate some alternative drivers that might have explained our estimates. First, if caregivers with high levels of labor supply move to municipalies that will expand child care, our estimates could be driven by selective migration. To test for this, we ignore recent changes of residence: We consider a caregiver's municipality of residence to be the one where she resided in year t − 3, the year before giving birth. If selective migration was driving the results, we should see estimates dropping towards zero as we limit this possibility. Estimates are relatively stable, indicating that selective migration is unlikely to be an issue. Second, in line with previous literature we have considered the youngest child. This ensures that the systematic spacing of births does not influence our estimates. If fertility is endogenous to child care availability, however, this restriction might imply conditioning on an endogenous variable and could bias our estimates. To check whether this might be driving our results, we rerun the baseline specification, including also mothers that have younger children. It is reassuring to see in Table 6 that the estimates are almost unchanged.
Third, our instruments are constructed as the ratio of children in care to the population of the same age. Changes in these rates will be driven both by changes in population as well as changes in the supply of care. If population growth drives labor supply, or if, as above, child care availability increases fertility, then this could cause bias in our estimates. To investigate this, we change our specification by using the population in 2001 in the denominator for the child care coverage rates. It is reassuring to see that the estimates in row 3 in panel C of Table 6 are again very similar to our baseline estimates.
Fourth, we might worry that a contemporary expansion among older children confounds the estimates. We see from Figure 1a that the reform is associated with increases in the coverage rate also for 3-5 year olds, and these children might have younger siblings in our sample. If the child care use of these children correlates with that of their younger siblings and also affects maternal labor supply, our estimates would be biased upwards. It is comforting, however, to see that our estimates barely move when we include a control for the child care coverage rate of 3-5 year old children.
Family fixed effects
Finally, in our baseline specification, we use municipality fixed effects. These will account for all time-invariant determinants of labor supply at the municipality level and from individual characteristics for which the composition across municipalities is fixed over time. However, if the composition changes over time, and these characteristics are not controlled for, our results might be biased.
In Figure 6 , we saw that the composition in terms of some important characteristics did not seem to change systematically with increases in the coverage rate. As an additional check, panel D of Table 6 reports estimates from a model with family-specific fixed effects. This exploits that some parents have more than one child in the sample period to compare parental labor supply outcomes across siblings, where one child is exposed to lower child care coverage rates than the other. By relating the change in labor supply to the change in coverage rates within families, we can hold constant all observable and unobservable characteristics that are fixed within families over time. At the same time, the usual time effects account for changes over time that are comparable across families.
Because parents with siblings in the sample period may be different from the rest of the sample, we first rerun our baseline specification on this sample. To maintain clustering at the municipality level, we include only mothers who reside in the same municipality at each birth. The results in panel D show that in the reduced sample our baseline model yields estimates that are almost identical to the baseline. When we include family fixed effects, estimates are somewhat smaller but still quite similar overall and not significantly different from baseline estimates. This indicates that our main results are unlikely to be driven by changes in the composition of individuals across municipalities.
Conclusion
We investigate the labor supply effects of the use of child care for toddlers following a Norwegian reform in 2002, exploiting the staggered expansion of child care across municipalities. To guard against endogeneity problems, we instrument individual child care use with rationed municipal coverage rates, controlling for municipality and year fixed effects to exploit only changes in coverage. Our approach is supported by a battery of robustness tests that investigate alternative explanations for our findings.
Results show relatively large labor supply response among mothers of toddlers compared to most of the existing literature. Cohabiting mothers seem to respond by moving from no or little employment to more or less full-time work: We find an elasticity of labor force participation with respect to child care use of around 0.3, indicating that 3 cohabiting mothers enter the labor force for each 10 toddlers who enroll in full time care. These estimates should be compared to the pre-reform means: Before the reform, 63% had at least substantial part-time work. We also find significant and positive effects on full time employment.
Single mothers, on the other hand, seem to respond by moving from no employment to part-time work. Per 5 toddlers of a single mother enrolled full time, we find that one single mother enters the labor force, compared to a pre-reform mean of 62 % of single mothers being out of the labor force. However, we find no effect on the probability of holding a full-time job, indicating that these mothers move from no employment to part-time work in response to child care. We find no effects among fathers, nor among grandparents.
The labor supply estimates are in the upper range of the literature, which tends to find effects of child care in the range of 0 to 0.2. This might indicate that the response to child care availability differs for children of different ages. One explanation may be that the counterfactual mode of care is different: In the absence of formal care, mothers of 2-yearolds are more likely to stay at home, while mothers of older children may find informal care arrangements, possibly using grandparents or other relatives, that enable them to work even when child care is not available. This explanation may find some support in the fact that we find no effects on the labor supply of working age grandparents. For fathers, we find little effect, both for cohabiting fathers and for fathers not residing with the child. This is in line with the literature, and suggests that mothers are still the primary caretaker of young children in Norway.
Havnes and Mogstad (2011) study a Norwegian expansion of care for preschoolers in the late 1970s, and find estimates around a fifth of what we do in this paper. While our study focuses on younger children and on a much later time period, it is useful to consider what may be driving the differences in the estimated effects. To shed light on this, we have looked at survey data on the preferred mode of child care collected in 1968 and in 2002 (Pettersen, 2003; Ministry of Consumer Affairs and Administration, 1972; Moafi and Bjørkli, 2011; Reppen and Rønning, 1999) . For preschoolers in 1968, around 25 % of mothers stated a preference for informal solutions such as childminders, nannies or relatives. The comparable number for toddlers in 2002 is around 6 %, indicating that preferences of mothers considered in Havnes and Mogstad (2011) are quite different from preferences of mothers in the 2000s. This could drive differences in the demand for informal care, and in turn explain the large effects today compared to the 1970s. Additionally, because maternal employment is much more prevalent in the period we consider, the availability of informal sources of care could be more limited. This may be particularly true because mothers in the 1970s typically relied on relatives, neighbors or friends for child care needs (Ministry of Consumer Affairs and Administration, 1972) .
We also investigate the response on total tax payments from mothers and fathers to assess the degree to which increases in the tax base can offset some of the costs of the subsidy. We find considerable increases in net tax payments, corresponding to a marginal tax rate of about 40 % on the extra 50,000 NOK income. This is close to the average tax rate paid by cohabiting mothers before the reform, and shows that there is some scope for the costs of child care subsidies to be offset by increased tax revenue.
The results from our analysis are relevant to current political debates, considering that the demand for child care for older children is more or less covered in Norway and many western countries. Our findings therefore speak to the efficiency of further expansion, and provide evidence for other countries and governments considering a move towards 32 universally accessible, subsidized child care for young children.
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A Additional tables
This appendix presents various results that we could not fit in the main text. In particular, most results for other samples than the main sample of cohabiting mothers are found here.
• Tables A.1, A.2 and A.3 report detailed summary statistics for single mothers, cohabiting fathers and non-resident fathers.
• Table A .4 reports main results for working age grandparents.
• Tables A.5, A.6 and A.7 report specification checks for single mothers, cohabiting fathers and non-resident fathers.
• Tables A.8, A.9 and A.10 report persistency analysis for single mothers, cohabiting fathers and non-resident fathers. Note: Estimates are from equation (1), with outcomes measured 1-4 years later. In addition to control variables defined in Section 3, we control for child care coverage rates for older children in year t. Standard errors in parentheses are clustered at the municipality level and robust to heteroskedasticity. Pre-reform means of outcomes are underlined and refer to parents of children born in 2002. * (p<0.10), ** (p<0.05), *** (p<0.01) Note: Estimates are from equation (1), with outcomes measured 1-4 years later. In addition to control variables defined in Section 3, we control for child care coverage rates for older children in year t. Standard errors in parentheses are clustered at the municipality level and robust to heteroskedasticity. Pre-reform means of outcomes are underlined and refer to parents of children born in 2002. * (p<0.10), ** (p<0.05), *** (p<0.01) Note: Estimates are from equation (1), with outcomes measured 1-4 years later. In addition to control variables defined in Section 3, we control for child care coverage rates for older children in year t. Standard errors in parentheses are clustered at the municipality level and robust to heteroskedasticity. Pre-reform means of outcomes are underlined and refer to parents of children born in 2002. * (p<0.10), ** (p<0.05), *** (p<0.01)
